Left, Eroded chat on the Sooner property. Right, View of the Sooner chat pile oriented southeast, with small mounds of chat in the foreground. 
Vertical coordinate information is referenced to the North American Vertical Datum of 1988 (NAVD 88).
Altitude, as used in this report, refers to distance above the vertical datum. 
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Abstract
From the 1890s through the 1970s the Picher mining district in northeastern Ottawa County, Oklahoma, was the site of mining and processing of lead and zinc ore. When mining ceased in about 1979, as much as 165-300 million tons of mine tailings, locally referred to as "chat," remained in the Picher mining district. Since 1979, some chat piles have been mined for aggregate materials and have decreased in volume and mass. Currently (2013) , the land surface in the Picher mining district is covered by thousands of acres of chat, much of which remains on Indian trust land owned by allottees. The Bureau of Indian Affairs manages these allotted lands and oversees the sale and removal of chat from these properties. To help the Bureau of Indian Affairs better manage the sale and removal of chat, the U.S. Geological Survey, in cooperation with the Bureau of Indian Affairs, estimated the 2005 and 2010 volumes and masses of selected chat piles remaining on allotted lands in the Picher mining district. The U.S. Geological Survey also estimated the changes in volume and mass of these chat piles for the period 2005 through 2010.
The 2005 and 2010 chat-pile volume and mass estimates were computed for 34 selected chat piles on 16 properties in the study area. All computations of volume and mass were performed on individual chat piles and on groups of chat piles in the same property. The Sooner property had the greatest estimated volume (4.644 million cubic yards) and mass (5.253 ± 0.473 million tons) of chat in 2010. Five of the selected properties (Sooner, Western, Lawyers, Skelton, and St. Joe) contained estimated chat volumes exceeding 1 million cubic yards and estimated chat masses exceeding 1 million tons in 2010. Four of the selected properties (Lucky Bill Humbah, Ta Mee Heh, Bird Dog, and St. Louis No. 6) contained estimated chat volumes of less than 0.1 million cubic yards and estimated chat masses of less than 0.1 million tons in 2010. The total volume of all selected chat piles was estimated to be 18.073 million cubic yards in 2005 and 16.171 million cubic yards in 2010. The total mass of all selected chat piles was estimated to be 20.445 ± 1.840 million tons in 2005 and 18.294 ± 1.646 million tons in 2010.
All of the selected chat piles decreased in volume and mass for the period 2005 through 2010. Chat piles CP022 (Ottawa property) and CP013 (Sooner property) had some within-property chat-pile redistribution, with both chat piles having net decreases in volume and mass for the period 2005 through 2010. The Sooner property and the St. Joe property had the greatest volume (and mass) changes, with 1.266 million cubic yards and 0.217 million cubic yards (1.432 ± 0.129 million tons and 0.246 ± 0.022 million tons) of chat being removed, respectively. The chat removed from the Sooner and St. Joe properties accounts for about 78 percent of the chat removed from all selected chat piles and properties. The total volume and mass removed from all selected chat piles for the period 2005 through 2010 were estimated to be 1.902 million cubic yards and 2.151 ± 0.194 million tons, respectively.
Introduction
From the 1890s through the 1970s the Picher mining district (PMD) in northeastern Ottawa County, Oklahoma, was the site of mining and processing of lead and zinc ore (State of Oklahoma, 2000) . Subsurface mines, some as deep as 400 feet (ft), supplied unprocessed ore to mills on the land surface. When mining ceased in about 1979, as much as 165-300 million tons of mine tailings, locally referred to as "chat," remained in the PMD (State of Oklahoma, 2000 (AATA International, Inc., 2005) . Chat piles are mounded areas of mine tailings that may be higher than 180 ft above the surrounding terrain ( fig. 1 ). Chat piles contain mostly Currently (2013) , the land surface in the PMD is covered by thousands of acres of chat, much of which remains on Indian trust land owned by allottees. The Bureau of Indian Affairs (BIA) manages these allotted lands and oversees the sale and removal of chat from these properties. To help the BIA better manage the sale and removal of chat, the U. 
Purpose
The purposes of this report are to present estimates of volume and mass computed for selected chat piles in 2005 and 2010 and to present estimates of changes in volume and mass for selected chat piles for the period 2005 through 2010. The report also documents data sources, assumptions, and methods that were used to estimate the volumes and masses of selected chat piles so that the computations can be repeated as new data become available. The chat-pile volume and mass estimates in this report may be used by the BIA and other stakeholders to estimate the economic value of remaining chat resources and assess offers and bids to purchase remaining chat resources.
Scope
This report contains volume and mass estimates of 34 selected chat piles on 16 BIA-managed properties in the PMD. Volume and mass estimates are reported for these selected chat piles only; no attempt was made to estimate the volume or mass of chat remaining in other chat piles, chat bases, or chat fines. Because of time and funding constraints, chat-pile volumes were estimated in a geographic information system by using aerially surveyed altitude data rather than by using ground-surveyed altitude data.
Study Area
The study area includes about 12 square miles (mi 2 ) of the PMD in northern Ottawa County, Oklahoma, near the former town of Picher ( fig. 2 ). Where it is not covered by chat, the study area is relatively flat, and there is typically little change in altitude over short distances. At least 50 chat piles of various sizes have been identified in the study area (AATA International, Inc., 2005) . Thirty-four of these chat piles were selected for analysis of volume and mass ( fig. 2 , table 1 at end of report). Each of these chat piles has a unique identification number and is associated with a property that may contain one or more distinct chat piles (AATA International, Inc., 2005) ; however, some property names used in this report were updated to names that are commonly used by the BIA (table 1). All computations of volume and mass were performed on individual chat piles and on groups of chat piles in the same property.
Methods for Estimating Volume and Mass of Selected Chat Piles
Several datasets were needed to estimate the volume and mass of the selected chat piles. Required datasets were (1) digital elevation models (DEMs) of the land surface in 2005 and 2010, (2) footprints of the selected chat piles, (3) the chat-pile average altitude in each footprint, (4) the base altitude of each chat pile, and (5) the bulk density measurements of the chat piles. The volumes of selected chat piles were computed as the chat-pile average height (the chatpile average altitude minus the chat-pile base altitude) times the chat-pile footprint area ( fig. 3 ). The masses of selected chat piles were computed as the chat-pile volume times the average chat-pile bulk density. 
Digital Elevation Models
Chat-Pile Average Altitudes
The minimum, maximum, and average altitudes in the chat-pile footprint were extracted from the 2005 and 2010 DEMs by using the ArcGIS Zonal Statistics as Table tool (ESRI, Inc., 2012b) (table 1). The average altitude in the chat-pile footprint was used to represent the chat-pile average altitude in computations of chat-pile volume ( fig. 3 ).
Chat-Pile Base Altitudes and Chat-Pile Average Heights
Determination of the base altitudes of the selected chat piles was accomplished in ArcGIS by using the Buffer tool (ESRI, Inc., 2012c) to delineate a 20-ft buffer around each BIA-approved chat-pile footprint ( fig. 3 ). The minimum, maximum, and average altitudes in the 20-ft chat-pile buffer were extracted from the 2005 and 2010 DEMs by using the ArcGIS Zonal Statistics as 
Bulk Density of the Chat Piles
Bulk density (the mass of a substance divided by its bulk volume) is used to describe the density of a substance that is a complex mixture of materials that may contain air or pore space. AATA International, Inc. (2005) (2005), which correspond to about plus or minus 9 percent of the average bulk density, were used to assign error margins to all masses computed in this report.
Assumptions
Several computational assumptions were necessary because of uncertainty associated with the footprints and compositions of the chat piles. All computations presented in this report assumed the following: 
Estimation of Changes in Chat Volumes and Masses for 2005 Through 2010
Changes in volume and mass estimates were computed by subtracting the 2005 volume and mass estimates from the 2010 volume and mass estimates (table 2) . Negative values indicate a loss in volume and mass during the period 2005 through 2010. The chat-pile footprint areas and base altitudes were not changed for the period 2005 through 2010, so all changes in volume and mass resulted from changes in chatpile surface altitudes ( figs. 4 and 7) .
All of the selected chat piles decreased in volume and mass for the period 2005 through 2010 (table 2) . Chat piles CP022 (Ottawa property) and CP013 (Sooner property) had some within-property chat-pile redistribution ( fig. 4) 
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Estimation of Volume and Mass and of Changes in Volume and Mass of Selected Chat Piles in the Picher Mining District Summary
From the 1890s through the 1970s the Picher mining district (PMD) in northeastern Ottawa County, Oklahoma, was the site of mining and processing of lead and zinc ore. When mining ceased in about 1979, as much as 165-300 million tons of mine tailings, locally referred to as "chat," remained in the PMD. Since 1979, some chat piles have been mined for aggregate materials and have decreased in volume and mass. Currently (2013), thousands of acres of land surface in the PMD are covered by chat, much of which remains on Indian trust land owned by allottees. The Bureau of Indian Affairs (BIA) manages these allotted lands and oversees the sale and removal of chat from these properties. To help the BIA better manage the sale and removal of chat, the U.S. Geological Survey (USGS), in cooperation with the BIA, estimated the 2005 and 2010 volumes and masses of selected chat piles remaining on allotted lands in the Picher mining district. The USGS also estimated the changes in volume and mass of these chat piles for the period 2005 through 2010.
Several datasets were needed to estimate the volume and mass of the selected chat piles. Required datasets were (1) digital elevation models (DEMs) of the land surface in 2005 and 2010, (2) footprints of the selected chat piles, (3) the chat-pile average altitude in each footprint, (4) the base altitude of each chat pile, and (5) the bulk density measurements of the chat piles. The volumes of selected chat piles were computed as the chat-pile average height (the chatpile average altitude minus the chat-pile base altitude) times the chat-pile footprint area. The masses of selected chat piles were computed as the chat-pile volume times the average chatpile bulk density.
The 2005 and 2010 chat-pile volume and mass estimates were computed for 34 selected chat piles on 16 properties in the study area. All computations of volume and mass were performed on individual chat piles and on groups of chat piles in the same property. The Sooner property (chat pile CP013) had the greatest estimated volume (4.644 million cubic yards 3 New chat-pile identification number and boundary were generated for this report. New chat-pile identification number and boundary were generated for this report.
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